Introduction
In semiarid and arid areas, soil salinization is a common situation (FAO, 2009; Janz & Polle, 2012) . In dry hot areas, the significant evapotranspiration of the soil transports salt to surface layers, leading to an accumulation of salt at toxic concentrations (Polle & Chen, 2015) . In Brazilian Northeast region, it is estimated that approximately 30% of irrigate areas have saline soils (Aguiar Neto et al., 2007) . Salinity levels of soils, associated with a low and irregular rainfall characteristic of this region (Santos et al., 2014) , make it marginalized and regarded areas unfit for cultivation.
Saline soils contain high concentrations of Na + (Polle & Chen, 2015) . Responses to salt follow a biphasic model: the first phase generates reduction of water uptake by roots, leading to a slower growth, similar to drought response; the second phase results in toxic effects of salt inside the plant (Munns et al., 2006; Chaves et al., 2009) . Salt stress has a multilevel effect on the plant, leading to changes in its physiology, morphology, biochemistry and molecular responses (Polle & Chen, 2015) . Direct effects of salt on plant growth may involve reduction in osmotic potential of the soil solution (Jahromi et al., 2008) , and toxicity from the excess of Na + and Cl -ions towards the cell. Toxic effects include disruption of enzymes structure and of other macromolecules (Feng et al., 2002) . Furthermore, salinity stress could promote nutrient imbalance caused by depletion in the nutrient uptake and/or transport to shoot, leading to ion deficiencies (Munns & Tester, 2008) . Semiarid and arid areas around the world are subject to changes, as shown under the current global climate change scenario, which predicts the rise in air temperature and irregular rainy regimes in consequence of high CO 2 emission promoted by anthropogenic activities (Pachauri & Meyer, 2014) . The use of alternative and sustainable energy sources is proving to be an important mitigating factor of these effects. In this context, the replacement of fossil fuels for biofuel is becoming a factor that improves the energy sector and the raw material production system (Mathur & Vyas, 2013) .
The first challenge to use marginalized areas for food production, as saline soils and irregular rainfall regimes is to choose tolerant species. Some woody species have showed adaptation to semiarid or arid conditions (Janz & Polle, 2012) . Thus, the aim of this study was to evaluate the effects of salinity on the physiological characteristics and leaf biochemical metabolism of two tree species, Bombacopsis glabra (Pasq.) A. Robyns and Sterculia foetida L., found in a wide area in Northeast of Brazil. We measured leaf photosynthetic machinery characteristics and the primary biochemical metabolism of leaves after 23 days under salt stress and non-salt stress (control) conditions, to verify if both species are tolerant to salinity.
Material and methods
Bombacopsis glabra and Sterculia foetida belong to Malvaceae family. They are found in semiarid region of Northeast Brazil and they are used in recovery programs for degraded areas (Chaves et al., 2012; Santos et al., 2004) . S. foetida occurs from East Africa to North Australia (Bindhu et al., 2012) and it is well adapted to tropical and sub-tropical areas (Silitonga et al., 2013) . This species is a large, tall deciduous tree, and it can grow up to 40 m high (Vipunngeun & Palanuvej, 2009) . B. glabra is an arboreal ornamental plant, measuring 4 -6 m, and it is a native species to northeast and southeast Brazil, occurring in tropical and subtropical regions of America and Europe (Pospísil & Hrachová, 1987; Lorenzi, 1992) .
Both species are potential oil production species because their seeds have high oil content of a good quality. Oil content in dry mass can reaches 20% in Bombacopsis glabra (Pasq.) and 50-60% in Steculia foetida (Bindhu et al., 2012) , being higher than found in conventional species such as soy (18%) (Beltrão 2005) . The experiment was conducted in a greenhouse (8°08'58''S; 34°56'55''W) in Northeast Brazil. The seeds, collected in the same region of the study, were previously sterilized in a 1% sodium hypochlorite solution for 5 min, and then washed with distilled water. The sterilized seeds were subsequently planted in 10 kg perforated plastic pots with washed sand and placed in the greenhouse. The plants were kept under ideal hydration, calculated by the pot capacity, for 140 days after emergency when saline treatments begun.
The control treatment received 300 mL of deionized water daily, and the salinity treatments received 300 mL of sodium chloride solution (100 mM NaCl) daily for 23 days (maximum stress; gas exchange close to zero). Ten replicates per treatment were used for measurements. Five plants were used for biomass and nutrient concentrations analysis, and five for other Strategies of two tropical woody species to tolerate salt stress parameter estimations. Every seventh day, 300 mL of 100% nutrient solution (Hoagland & Arnon, 1950 ) was applied to both treatments.
Under maximum stress, leaf water potential (LWP) was measured with a Scholander pressure chamber (Soil moisture Equipment Corp., Santa Barbara, CA, USA) on a branch with fully expanded but not senescent leaves (Scholander et al., 1965) . Measurements were performed at 6 AM. Soil samples were collected, weighed (10 g of sand), and homogenized in 25 mL of deionized water. This solution was stirred three times for 2 min, with a 2-min interval between each stirring, totalizing 10 min. The solution was kept at rest for 40 min. Then, the supernatant was collected for electrical conductivity and pH measurements using a conductivity meter (CD-4306, Lutron Electronic Enterprise Co., Taipei, Taiwan, China) and a pH-coupled meter (Bel Engineering W3B, Monza, Italy). The soil moisture (SM) was measured every day, obtained at a depth of 30 cm using a HFM 2030 sensor (v/v) (Falker, Porto Alegre, BR) ( Table 1) .
Gas exchange measurements were performed in alternate days starting from the third day of stress from 9 AM to 11 AM using a portable infrared CO 2 gas analyzer (IRGA, LI-COR, LI-6400XT, Lincoln, NE, US). The photosynthetic photon flux density (PPFD) used to measure gas exchange was fixed in IRGA at 2,000 µmol m -2 s -1 , according to the incident radiation at the time of measurement. Stomatal conductance (g s ), net photosynthetic rate (A) and transpiration rate (E) were measured on a mature, but not senescent leaf. During gas exchange measurements, vapor pressure deficit (VPD) was calculated using the formula e s -e a , where e s is saturated vapor pressure, and e a is environmental pressure deficit (Campbell & Norman, 1998) , obtained using temperature and relative humidity and measured with a digital thermohygrometer (Termo-Higro SH 122, J Prolab. São José dos Pinhais, BR).
To evaluate variable chlorophyll fluorescence, leaves were adapted to dark for 30 min, and after a saturation light pulse at ~7,800 μmol m -2 s -1
, the minimal fluorescence from dark-adapted (F o ) and maximal fluorescence from dark-adapted (F m ) leaves were calculated. Fluorescence emission from light-adapted (F') and maximal fluorescence from light-adapted (F m ') leaves were determined for light-adapted leaves undergoing a stable photosynthesis. The chlorophyll fluorescence was measured using a portable infrared CO 2 gas analyzer (IRGA, LI-COR, LI-6400XT, Lincoln, NE, US). These data were used to calculate the following fluorescence parameters: maximum quantum efficiency of PSII photochemistry (F v /F m ), PSII operating efficiency (F q '/F m '), photochemical quenching (qP), electron transport rate (ETR) and non-photochemical quenching (NPQ) (Baker, 2008) .
About 3 g of fresh leaf samples were collected at day 23 (maximum stress) at 3 PM, considered the period of the day with the highest photoassimilate accumulation (Santos & Pimentel, 2009 ). The samples were immediately frozen in liquid nitrogen and stored at -20 °C. They were used to determine total soluble sugars (SS), free amino acids (FAA), total soluble proteins (TSP), chlorophyll a (Chla), chlorophyll b (Chlb) and carotenoids (Car). Biochemical measurements were performed using a double beam spectrophotometer (Genesis 10S UV-Vis, USA).
For extraction and measurement of SS and FAA, 50 mg of leaf fresh tissue from both species were used to prepare ethanol extract. SS were measured according to Dubois et al. (1956) using D(+) -glucose as a standard, and read at an absorbance of 490 nm. FAA analyses were performed according to Moore & Stein (1948) using a 1 mM solution of glycine, glutamic acid, phenylalanine and arginine as a standard, and read at an absorbance of 570 nm. To determine TSP concentration, 30 mg (S. foetida) and 100 mg (B. glabra) of leaf tissue were homogenized in a medium containing 10% (v/v) glycerol, 0.1% (w/v) bovine serum albumin, 0.1% (v/v) Triton X-100, 50 mM HEPES/KOH (pH 7.4), 5 mM MgCl 2 , 1 Mm EDTA, 1 mM EGTA and 5 mM dithiothreitol. Leaf protein concentration was estimated according to Bradford (1976) using bovine serum albumin as a standard, and read at an absorbance of 595 nm. Leaf concentration of Chla, Chlb and Car were analyzed by homogenizing 30 mg (S. foetida) and 50 mg (B. glabra) of leaf tissue into 2 mL of acetone (80%) with CaCO 3 to prevent chlorophyllase activity. The samples were filtered and read at absorbances of 470.0, 646.8 and 663.2 nm, for Chla, Chlb and Car concentration, respectively. Additionally, a nonspecific absorbance at 710 nm was recorded for correction of color, turbidity and contaminating compounds in samples for Chla, Chlb and Car measurements, because those pigments do not absorb in this wavelength. Final pigment concentrations were calculated as described by Lichtenthaler & Buschmann (2001) .
For quantification of nitrogen, phosphorus, potassium, calcium and sodium, approximately 250 mg of fresh leaves were collected, dried in a forced-air oven at 60 °C for 72 h and ground in an industrial blender. Then they were digested in an acid solution (H 2 SO 4 ) in a digester block at 350 °C, to obtain plant extracts (Thomas et al., 1967) . Total N concentration was determined from an extract titration with HCl after addition of boric acid and a colored indicator (Thomas et al., 1967) . Phosphorus concentration was determined spectrophotometrically (Spectrophotometer 600S, FEMTO, São Paulo, BR), according to Murphy & Riley (1962) (Silva, 2009) .
To determine chloride (Cl -), 500 mg of dry leaves were used. The extracts were obtained by Mohr's method (water bath at 90 °C for 20 min), and concentration was determined from an extract titration with silver nitrate (AgNO 3 ) after addition of potassium chromate (K 2 CrO 4 ) and a colored indicator (Lacroix et al., 1970) .
When maximum stress was attained (23 rd day), all leaves, stem and roots were collected, separated into shoot (leaves and stems) and root materials, and dried in a forced-air oven at 60 °C for 72 h. After, plant parts were weighed to obtain dry mass (g). Shoot/root ratio was also calculated.
Experimental design was completely randomized. Data of gas exchange, chlorophyll a fluorescence, leaf biochemical and nutrients were submitted to t test with a significance level of 5%, comparing saline conditions [non-saline (control) and saline]. In all analyses all the prerequisites (normality and homogeneity) were respected. Data were analyzed using the software Statistica 8.0 (StatSoft. Inc., Tulsa, OK 74104, USA).
Results
Under maximum stress conditions (day 23), leaf water potential (LWP) in Sterculia foetida control plants was -0.57 MPa, decreasing 72% in saline treatment (Table 1) . In Bombacopsis glabra control plants, LWP was -0.29 MPa, decreasing 155% in saline treatment. Electrical conductivity was 1.8 and 1.6 mS.cm -1 in soil referent to control plants of S. foetida and B. glabra, respectively, with an increase of 178% and 419% in saline treatments. Soil pH referent to control plants was 6.05 and 7.45 for S. foetida and B. glabra, with similar values in saline treatment for each species. Soil moisture (SM) differed between treatments after the sixth day of saline irrigation, with the soil under saline treatment resulting in values significantly higher than the control treatment in both species. Under maximum stress, S. foetida and B. glabra control plants showed values of 12%, with increases of 75% and 77% in saline treatments, respectively (Figure 1 ). A reduction in gas exchange was observed from the fifth day of saline irrigation for both species, except for net photosynthetic rate (A) in B. glabra, which showed a reduction from the sixth day, compared to control (Figure 2) . Under maximum stress, S. foetida plants grown under salt treatment showed a decrease of 97% in stomatal conductance (g s ) and 95% in A and transpiration rate (E) compared to control (Figures 2a, 2c and 2e ). In the same period, B. glabra plants under treatment with elevated soil salt showed decreases of 83%, 166% and 78% in g s , A and E, respectively, compared to control (Figures 2b, 2d and 2f ). Vapor pressure deficit (VPD) varied between 0.83 kPa and 2.9 kPa throughout the experiment period (Figure 2g ). saline treatment plants (sixth, 20 th and maximum stress day), while in B. glabra an increase was noted from the tenth day of experiment. In maximum stress, S. foetida saline treatment plants showed a reduction of 50%, 28% and 51% in F q '/F m ', qP and ETR, respectively. NPQ was 143% higher compared to control (Figures 3a, 3c, 3e  and 3g) . In B. glabra, saline treatment plants showed decreases in F q '/F m ', qP and ETR of 51%, 54% and 48%, respectively. NPQ showed an increase of 51% compared to control (Figures 3b, 3d, 3f and 3h) . In chlorophyll fluorescence parameters, maximum quantum efficiency of PSII photochemistry (F v /F m ) was above 0.7 for control and saline treatment in both species throughout the experiment. For S. foetida, the other parameters, except non-photochemical quenching (NPQ), decrease from the sixth day of experiment in the saline treatment. For B. glabra, PSII operating efficiency (F q '/F m ') decreased in the same day, but photochemical quenching (qP) and electron transport rate (ETR) decreased from the eighth day of experiment. The NPQ showed an increase in S. foetida in three moments in S. foetida plants did not differ regarding concentration of photosynthetic pigments among treatments (Table 2) . B. glabra saline treatment showed an increase in the concentration of chlorophyll a (Chla) and carotenoids (Car) of 61% and 43%, respectively, compared to the control. chlorophyll b (Chlb) did not differ among treatments (Table 2) . S. foetida plants under salt conditions showed a reduction of 34% in total soluble sugars (SS), an increase of 33% in free amino acids (FAA), and 27% reduction in total soluble proteins (TSP) compared to control treatment. B. glabra under salt stress showed a reduction of 15% and 29% in SS and TSP, respectively, compared to control, while FAA did not differ among treatments, with values around 32 mmol kg -1 DW (Table 2) . Under salt conditions, S. foetida showed high N, K + and Cl -leaf concentrations of 11%, 32% and 140%, respectively, while Ca 2+ concentration was 16% lower than in control treatment (Figure 4a) (Figure 4b ). N, P and Ca 2+ did not differ among treatments.
Discussion
The decrease in CO 2 assimilation and transpiration observed in plants of the saline treatment is directly related to decrease in stomatal conductance (g s ) for both species ( Figure. 2) due to low leaf water potential (Table 1) .
High salt concentrations in the soil reduce its osmotic potential, lead to a hyperosmotic stress and affect water absorption by roots (Tester & Davenport, 2003) . Thus, it decreased leaf water potential (LWP) in stressed plants (Table 1) , probably causing stomatal closure and depletion in photosynthetic capacity, probably due to lower osmotic potential in the soil in saline treatment (Munns & Tester, 2008; Gupta & Huang, 2014) . Richards et al. (2008) argued that a common response to salinity is stomatal closure, because it reduces water loss by transpiration and an excessive absorption of ions, leading to a decrease in CO 2 capturing.
Photosynthesis and cell growth are among the primary processes affected by salinity (Munns et al., 2006) due to the decrease in CO 2 availability caused by diffusion limitations through the stomata and the mesophyll (Flexas et al., 2007) . This reduction in stomatal conductance and CO 2 assimilation (Figure 2 ) was also found for Ricinus communis L. and Jatropha curcas (Rodrigues et al., 2014) . Together with the decrease in net photosynthetic rate (A), there was decrease in chlorophyll a (Chla) fluorescence parameters, except for non-photochemical quenching (NPQ) for the two species in the saline treatment. This result indicates that plants are increasing the action of alternative electron drainages, such as energy dissipation in the form of heat, to avoid damage to photosynthetic apparatus due to reactive oxygen species (ROS) formation (Heber, 2002; Ribeiro et al., 2004; Deilen et al., 2014; Hossain & Dietz, 2016) . Furthermore, it is reported that plants from semiarid environments, where light is not a limiting factor, increase their photorespiration rates (Flexas et al., 1999) . No chronic damage to photosynthetic apparatus was observed in the plants, evidenced by the high values of maximum quantum efficiency of PSII photochemistry (F v /F m ). Similar results were found by Souza et al. (2010) studying two tree species from semiarid under water stress. Electron transport rate (ETR) and photochemical quenching (qP) values decreased and were accompanied by an increase in NPQ. Li et al. (2010) had similar results with Ricinus communis L. treated with 100 mM saline solution.
B. glabra plants under stress showed an increased Chla and carotenoids (Car) leaf concentration. The increase in Chla helps to protect photosynthetic machinery by maintaining electron flow to Calvin-Benson cycle. It is crucial to prevent cell damage due to photo-oxidative stress (Heber et al., 2001) . Thus, protection of antenna complex could be achieved by zeaxanthin cycle (Asada, 1999; Heber et al., 2001) . A high leaf concentration of Chl a and Car may mean that photosynthetic apparatus acclimated to the stress condition (Tezara et al. 2011) as indicated by higher values of F v /F m . Car may have acted in photoprotection and/or energy dissipation, in an attempt to alleviate the salt negative effects in plants, together to elevated NPQ values.
Water deficit in plant cells by salt stress may affect the biochemistry of chloroplasts, contributing to decrease photosynthetic performance (Farquhar & Sharkey, 1982) and reducing sugar concentrations in many plants (Esteves & Suzuki, 2008) . The decreased g s in stressed plants of both species (Figure 2 ) was accompanied by a decrease in their SS concentration (Table 2 ). This reduction in g s directly affects the CO 2 concentration in the mesophyll and impairs the formation of trioses-P in chloroplasts, which are used in the synthesis of soluble sugars (Ludewig & Ingo-Flügge, 2013) . In addition to total soluble sugars (SS), total soluble proteins (TSP) also decreased (Table 2) , which may have been due to synthesis depletion caused by the loss of cell turgor (Hsiao, 1973) .
In S. foetida plants under stress, free amino acids (FAA) and N leaf concentration increased (Table 2, Figure 4 ). In salt-acclimated plants, it was shown that metabolites linked to amino acids and nitrogen increased in the cell. FAA play a role in osmotic adjustment, membrane and protein protection, and/or scavenging of ROS (Chaves et al., 2009) .
Another mineral element that plays a key role in plant metabolism is K + , such as in stomatal closure controlling turgor pressure of guard cells (Wang et al., 2012) . Both species presented elevated leaf concentrations of K + (Figure 4) . However, in S. foetida, K + concentration was higher in stressed than in control plants, unlike that observed for B. glabra. Despite both species presented a decrease on g s in saline treatment plants, the decrease in S. foetida was markedly higher than in B. glabra. Some authors discussed that plants with high K + levels have a greater stomatal opening regarding water deficit (Benlloch-González et al., 2012), which was not observed in S. foetida. K + may have acted in turgor cell recovery in osmotic stress situations, promoting tolerance to physiological drought caused by salinity (Evelin et al., 2009 ). On the other hand, the decrease observed in leaf Ca 2+ concentration in S. foetida stressed plants suggests that there were changes in absorption and metabolism of this element, where Na + may have replaced Ca 2+ in cell membranes, affecting its permeability (Esteves & Suzuki, 2008; Willadino & Câmara, 2010) .
Unlike S. foetida, stressed B. glabra plants showed the same levels of Ca 2+ compared to control. Ca 2+ concentration in cytosol is usually very low, which is a precondition for Ca 2+ acting as a signalling compound in plant cells (Clarkson & Hanson, 1980; Knight & Knight, 2001) . Currently, Ca 2+ is a second indicator of stress responses and its role in SOS pathway are among the best-studied salt signalling mechanisms in plants (Zhu, 2003) . Stressed plants of B. glabra had a higher Na + /K + ratio. Metabolic changes caused by high levels of Na + in cells mainly result from K + competition for active sites of enzymes (Blumwald et al., 2000) and ribosomes (Tester & Davenport, 2003) . Prevention of Na + absorption by roots, sequestration into vacuole and transport and/or allocation to leaves are strategies by which plants cope with and keep healthy in high-salt environments (Porcel et al., 2012) .
Cl
-is translocated to leaves in both species, but Na + is the most toxic ion (Tester & Davenport, 2003) . It did not show high concentrations in leaves of S. foetida, unlike B. glabra, indicating that S. foetida could have a high efficiency in exclusion and/or allocation of Na + in roots or stems. Freire & Miranda (2012) found similar results of B. glabra for Moringa oleifera.
From these results, it was observed that S. foetida and B. glabra present physiological changes that allow these species to adjust to a saline environment, typical of semiarid areas in Brazilian northeast region. Stomatal closure in response to saline treatment was common to both species. This decrease in stomatal conductance resulted in decreases of water loss through transpiration, in assimilation rates and, therefore, in SS and TSP concentrations. However, species presented different strategies regarding organic solutes, pigments and nutrients in response to salt stress. S. foetida increased FAA and N of leaves without accumulating Na + , thus indicating a possible cellular protection mechanism. On the other hand, B. glabra had higher concentrations of Chl a and Car, indicating an investment in photoprotection against damage probably caused by the accumulation of Na + and Cl -in leaves, with a higher Na + /K + ratio.
Conclusions
In this scenario, we conclude that Sterculia foetida and Bombacopsis glabra have some tolerance to salt stress, because both supported 23 days of intense saline irrigation. However, their strategies are different. S. foetida plants under salinity no had accumulation of Na + in leaves compared to control, indicating that these plants could have a higher efficiency in exclusion and/or allocation of Na + in roots or stems, avoiding an osmotic stress in leaves. Furthermore, these plants accumulated K + , indicating an investment in ionic balance. B. glabra salt plants had a greater accumulation of Na + in leaves, with an increase in photosynthetic pigments, mainly carotenoids. This behaviour indicated that B. glabra under salinity invested in photoprotection. Results obtained in this study lead us to think of a better performance of these species in field condition, because soil salinization does not happen so quickly and intensely. Thus, these species may represent an alternative in Brazilian northeast region where water deficit and salt stress are challenging for annual crops.
